The increasing importance of large cities (metropolises) poses a range of challenges to the socio-economic functions of the rural and agricultural areas around them. One such challenge is pressure exerted on family-run farms to abandon agricultural activity and on people engaged in such activity to shift to other sectors. This may be a hindrance to successful succession on family farms. The aim of this paper is to present spatial variation in generational changes in farms located around large cities (metropolises) in Poland and to assess the factors affecting the scale of such changes. Special attention was paid to the importance of the location of farms relative to large cities. One innovative feature of the approach presented was to conduct an analysis of generational changes in the agricultural sector at the supra-local level along with an attempt to quantify the impact of large urban centers on that process. The empirical material based on which the conclusions were formulated included official statistics data and information made available by an institution engaged in the implementation of agricultural policy programs financed from European Union (EU) funds, i.e., young farmer payments (Common Agricultural Policy (CAP) pillar I) and measures "Setting up of young farmers" and "Early retirement" (CAP Pillar II). In the executed study, methods of descriptive and multivariate statistics, including regression trees, were used. It was found that socio-economic (exogenous) factors had a significant statistical impact on generational changes in farms. In areas with an attractive labor market and a high level of urbanization, a successful generational shift in farms occurred less often. Nonetheless, generational changes in the agriculture of the analyzed areas were relatively most strongly determined by endogenous factors linked with the economic potential of the farm. Farm characteristics (area of agricultural land and economic size) and the characteristics of managers, including in particular their education, were found to be more important than exogenous factors. In areas where large and economically strong farms dominated and the level of education among farmers was relatively high, generational changes were faster compared to other areas.
Introduction
In public and expert debate, it is increasingly stressed that the development of agriculture in cities and around them brings a range of economic, environmental and social benefits. Urban and peri-urban agriculture (UPA) contributes, among other things, to the strengthening of local food production, preservation of the landscape, and biological diversity, as well as creating recreation and leisure sites,
Research Methodology

Data Sources
In the manuscript, a few sources of information and data have been used. One of the sources was research conducted by other authors (the research literature). The literature review was carried out in the first half of 2019. It involved seeking useful keywords and assessing the exploration of the issue of generational changes/farm succession in agriculture studies. The collected material (based on analysis of abstracts) was subjected to selection: the most recent analyses carried out in Europe and covering peri-urban/metropolitan areas (MA) were prioritized. Part of the literature was regional (e.g., publications in the Polish language) due to the character of the studies and the necessity of referring to specific factors in the development of Polish agriculture.
Main source of empirical material was the data from the local data bank of the Statistics Poland (LDB Poland) and the unique (primary) information provided by the agency for restructuring and modernization of agriculture (ARMA) upon submission of a request for access to public information. The data obtained from LDB Poland-the largest database of the economy, society, and the environment in Poland, managed by the Statistics Poland-pertained to the socio-economic situation in the areas studied and included information gathered during agricultural censuses (on the characteristics of agricultural farms). The information received from ARMA illustrates farmers' interest in securing EU funds for generational changes in agriculture. ARMA is a government institution, designated to perform the role of an accredited paying agency in Poland, responsible for implementing instruments co-financed from the EU budget. It also holds information about the number of agricultural farms, their structure, etc. The details concerning the variables used in the analyses, including their temporal scope, are presented in Section 3.3.
Study Area
Poland is a country located in Central and Eastern Europe with a relatively huge share of agricultural land (agricultural area accounts for almost 60% of the country's area). The studies so far undertaken indicate that there are huge regional differences in Poland in terms of farm succession, which are attributed to different economic (including structural) and environmental factors [6, 44] . Particularly significant structural changes connected with exiting from farming have occurred and are still occurring in highly urbanized areas [45] , including metropolitan areas, where the large chances of finding an off-farm job make it easier to decide to leave the agricultural sector.
This paper analyses generational changes in farms located in and around six Polish metropolitan areas: Warsaw, Krakow, Wroclaw, Poznan, the Tricity, and Lublin [45] . It should be noted at this point that in Poland, due to its complicated history (loss of independence in the 18th century and division of the country into three zones of occupation, the consequences of WWII, etc.), there are still huge differences in the level of socio-economic development, including in the development of agriculture [46] . Therefore, the assumption was to select metropolitan areas representing different parts of the country to show their considerable structural variety.
In Poland, metropolitan areas are defined in different ways [33] . In thisresearch, the definition proposed in the national spatial management concept 2030 [47] was adopted, according to which, a metropolitan area is an area of a large city (over 300 thousand residents) and its functionally linked immediate environment as established in the national spatial management concept. Although in Poland, metropolitan areas are distinguished at the level of a municipality (NUTS-5), in this manuscript, due to the way in which data on generational changes (only available at NUTS-4 level) in agriculture was gathered, it was necessary to present an alternative delimitation of metropolitan areas. Thus, based on the borders of MAs delimited at the level of a municipality, i.e., NUTS-5 [45] , two groups of poviats (a poviat is the second-level unit of local government and administration in Poland, equivalent to a county, district, or prefecture; LAU-1, formerly NUTS-4) constituting a metropolitan area were distinguished (Figure 1 ). The first group comprises poviats bordering the city core of the MA (BCCMA), where all the municipalities are part of the metropolitan area. The second group includes poviatstotally or partially located in the MA (ToPMA). Such areas lie, for the most part (almost 80%), within the administrative borders of the municipalities that are part of metropolitan areas. The third group of poviats is located outside the MA (OMA) and serves as the comparative material. These are poviats with a predominance of rural municipalities without large cities (over 300 thousand inhabitants). The aim of dividing the areas studied into three groups is to determine the impact of large urban centers (MA cores) and, as a consequence, to assess the importance of the location factor in the pace of generational changes in agriculture.
The farms located in the BCCMA zone operate relatively close to the cores of metropolitan areas and should be regarded as those most affected by the pressure of urbanization. Indeed, such areas are characterized by a relatively high population density, high net migration, relatively high salary, etc. (Table 1 ). These indicators differ significantly compared to the other identified groups. * The data relate to the city cores of six metropolitan areas studied; **data refers to the whole country, and in the case of the analyzed MAs and their environment, MA cores and cities with poviat rights have been included; *** 1 Euro was taken to = 4.3 PLN. Source: own elaboration based on: BDL and ARMA. The aim of dividing the areas studied into three groups is to determine the impact of large urban centers (MA cores) and, as a consequence, to assess the importance of the location factor in the pace of generational changes in agriculture.
The farms located in the BCCMA zone operate relatively close to the cores of metropolitan areas and should be regarded as those most affected by the pressure of urbanization. Indeed, such areas are characterized by a relatively high population density, high net migration, relatively high salary, etc. (Table 1 ). These indicators differ significantly compared to the other identified groups. The farms located in the ToPMA zone carry on agricultural activity further away from MA cores, but these areas can also see a relatively strong pressure of urban centers on agriculture. The relatively well-developed labor market (low unemployment rate, large number of enterprises), as well as the Agriculture 2019, 9, 264 6 of 27 relatively high population density and positive net migration may impact changes in agriculture, including generational changes. The level of socio-economic development in that zone (ToPMA) is comparable to the overall level for Poland.
Farms located outside the MA (OMA) are only scarcely affected by the pressure of urban centers. The socio-economic situation in that zone, especially in terms of the labor market, is considerably worse than average in the country and typical of rural municipalities in Poland.
Selection of Variables
Dependent Variables-Pace of Generational Changes
Generational changes in agriculture are an objective process-they occur whether or not they are supported by public funds. However, due to a lack of up-to-date data on farm succession, the data gathered in connection with the implementation of the CAP was used. This data pertains to active farmers, i.e., the group that is most important in terms of the development of the agricultural sector. This paper aims to measure the pace of generational changes in agricultural farms in two ways: (1) by estimating the share of young farmers running agricultural activity, and (2) by determining the level of interest in supporting the generation renewal in agriculture.
As part of the first approach (indicator I-1), we analyzed the share of farmers who received young farmers' payments (component of CAP Pillar I). This indicator reflects the real effects of generational changes (actual ex-post generational changes), as it shows the share of farmers who started agricultural activity within the last 5 years and are under 40 years of age ( Table 2) . As no additional criteria needs to be met in order to receive young farmers' payments, all active young farmers likely receive such funds [48] . A high proportion of farmers who receive direct payments along with the young farmer payment component means that over the last 5 years there have been dynamic processes of generation renewal in a given area. A weakness of this measure of generational changes is that it does not take into account young farmers with more years worked in agriculture (over 5 years), as this group of farmers is not eligible for this payment. As part of the second approach, farmers' interest in securing funds for supporting generational changes was evaluated. Two indicators were analyzed: I-2: Share of farmers who between 2007 and 2017 received a start-up grant for young farmers (CAP Pillar II), and I-3: Share of farmers who benefited from the "early retirement" initiative. Both these measures show the level of farmers' interest in securing funds to accelerate generational changes.
The "setting up of young farmers" measure (indicator I-2) was directed at farmers who meet a range of criteria (Regulation (EU) No. 1307/2013 of the European Parliament and of the council of 17 December 2013): they are starting agricultural activity, have the required qualifications, and are under 40 years of age. The size of farms taken over by young farmers (the larger the better) and the type of planned investments (the higher the increase in value added the better) was also of importance.Thus, a large number of beneficiaries in a given area will reflect fast generational changes and, more importantly, is something which should lead to the improvement of the economic situation of farms, as these funds were received by the best farmers [49] .
The last variable (I-3) shows the number of farmers who, in exchange for receiving early retirement (paid to a farmer aged over 55 for a period of up to 10 years), passed on their agricultural farm to their successor. This measure was implemented as part of the 2004-2006 and 2007-2013 rural development programs (Regulation (EU) No. 1257/1999 of the European parliament and of the council of 17 May 1999). Its aim was to improve agricultural structures and accelerate the process of generational renewal among those running agricultural farms, as well as to improve the viability and competitiveness of farms. The criteria for receiving early retirement have changed many times [50] , but in principle, once the formal criteria (such as age, farm work experience, transfer of the farm) were met, those transferring larger agricultural farms and those transferring farms to younger farmers (under 40 years of age) were more likely to receive early retirement. Also, in this case, a greater value of the indicator shows a higher pace of generational changes in agriculture.
With all the indicators, there is a relatively high variation measured by coefficient of variation. The analyzed programs were similar in terms of their aims, and to some extent, also the conditions that the potential beneficiaries had to meet (e.g., the access criteria preferred larger farms), therefore they are positively correlated-this is the case with, for example, the variables I-2 and I-3. There is also a strong positive correlation between variable I-1 and variable I-2, i.e., the actions directed at young farmers (the first concerns pillar I and the second concerns CAP Pillar II), due to the character of these operations. The farmers who received aid for young farmers under CAP Pillar II also meet the conditions set for beneficiaries of young farmer payments (CAP Pillar I).
Although the analyzed variables are relatively highly correlated, they will be analyzed separately. This is because they differ slightly in character (I-1 refers to real generational changes, while I-2 and I-3 refer to the level of interest in securing funds for generational changes), and their spatial variation and causes of that variation may differ.
Independent Variables
Seeking to answer the question of what factors have the biggest impact on farms' interest in securing funds to support generational changes, thirteen independent variables were identified based on the literature review, available statistical data, and expert analysis. They were grouped into four main groups: socio-economic factors, farm structures and viability, natural environmental features, and location ( Table 3 ). The first group is socio-economic factors, and the analyses took into account variables that reflect the attractiveness of the local labor market (salary, unemployment rate, entrepreneurship) and may have an impact on the processes of farm succession [10] . The aim of the research was also to assess the impact of population density, the share of built-up and urbanized areas, and net migration. These factors determine, among other things, availability of land (competition for land) and its prices. Of considerable importance was also the occurrence of the phenomenon of rent seeking and increasing speculation, which "freeze" the agricultural land market [37, 45] . Table 3 . A set of predictors (independent variables) used in the process of modelling. The farm structures and viability group includes variables related to the physical and economic dimension of a farm (farm size and economically strong farms) and shows the development potential of farms and their capacity of generating high incomes [52] . We wanted to find out whether in economically and physically larger farms, successful generation renewal occurs more frequently. In addition to that, we tested such variables as: part-time farming, education, and young farm employees, because other studies found that part-time farming combined with off-farm work by operators and spouses generally provides worse perspectives for intra-family succession [53] . The young farm employees variable illustrates the share of young people, including farmers' children, i.e., potential successors, working on farms. Thus, a bigger share of young farm employees should be conducive to farm succession [16] . The last variable in this group, "education", shows the level of education among farm managers. The findings presented in the literature are not clear-cut, as some scholars claim that the probability of succession increases with the parents' level of education [54] , Agriculture 2019, 9, 264 9 of 27 while others maintain that it decreases [29] . Therefore, we would like to contribute to the literature with our own findings.
Factors
Name of Variable Definition of Variable and Unit
Range of Variation/Size in the
The paper also analyses the impact of environmental factors on farm succession. Higher productivity of agricultural land results in higher economic rent from every unit of surface area, which means higher profitability of farms [55] , which in turn increases the likelihood of succession.
For modelling, one qualitative characteristic was selected and it illustrates the location of a farms relative to the core of the metropolitan area (see the section entitled 'study area'). We want to find out whether location (proximity) relative to the core of MA will impact the processes of generational changes in agriculture.
The temporal scope of the different variables was limited by data availability, but for the variables from the socio-economic factors group, the average for the 2007-2017 period was used. In the case of the variables from the "farm structures and viability" group, there are numerous types of feedback with dependent variables (e.g., farm transfer in 2007 as part of early retirement leads, as a rule, to an increase in the average size of farms in 2008-consequently, the high average area of farms in 2008 is both the cause and effect of the 2009 generational changes), therefore, where possible, the initial values, i.e., before 2007 (before generational changes), were used for this group of variables. The variable reflecting the quality of agricultural production space was adopted based on the research conducted in the early 1990s (lack of more up-to-date research), but the environmental conditions of agricultural production are relatively stable [51] .
The variables selected for analysis are characterized by a relatively large variation, but not all of them have a normal distribution. Therefore, for modelling the processes of generational changes, a nonparametric method, was chosen-the method of regression trees, the use of which does not require such strict conditions as classical regression models do.
Data Analysis: Regressions Trees
Classification trees are an investigative method for analyzing data. This manuscript employs a method founded on the CART (classification and regression trees) algorithm, one of the most innovative methods of creating regression trees. The essence of the CART algorithm employed in the analysis is to perform recursive divisions of the so-called training set of observations into sub-sets until they become homogeneous, in terms of objects belonging to classes [56] . As recursive divisions are performed, each time the aim is to find, in the whole set of independent variables, a variable that will enable splitting that will ensure the greatest improvement in the goodness of fit. In other words, sub-sets that are internally most homogeneous but at the same time differ from each other are identified. The hierarchical structure resulting from successive divisions has a tree shape. It consists of nodes subject to splitting (if they are further split) and terminal nodes, the so-called leaves (where the splitting ends) [57] .
The tool proposed by Breiman et al. [58] aims to search for a set of logical conditions that split the "if-then" relationship. Figure 2 presents an example of a regression tree explaining how the CART algorithm works.
When selecting the optimum split, the software tries to keep the average "impurity" of the two child nodes to a minimum. For a node t of the tree, the "impurity" is defined as the sum of squared
where y t is the sample mean of response variable Y in t and the sum is greater than the y values in t. The split of t into child nodes tL and tR that maximises the reduction in node impurity i(t) − i(tL) − i(tR) is selected. The division of the tree into nodes continues until the y values are constant in a given node, or the node sample size falls below a pre-defined limit value. The tree is then pruned by means of cross-validation and the sub-tree with the lowest estimated mean squared error is selected [14] .
The employed research tool has a number of important advantages: there is no need to recode qualitative variables, there is no need for standardization of variables, variables do not have to have a normal distribution and the relationship between dependent and independent variables does not have to be linear. In addition to that, spatial autocorrelations cannot prevent the correct use of CART [59] . Agriculture 2020, 10, x FOR PEER REVIEW 10 of 28 Figure 2 . An example of a regression tree showing the factors impacting monthly cinema expenses. Source: [14] .
When selecting the optimum split, the software tries to keep the average "impurity" of the two child nodes to a minimum. For a node t of the tree, the "impurity" is defined as the sum of squared deviations ( ) = ∑( − ) , where is the sample mean of response variable Y in t and the sum is greater than the y values in t. The split of t into child nodes tL and tR that maximises the reduction in node impurity i(t)−i(tL)−i(tR) is selected. The division of the tree into nodes continues until the y values are constant in a given node, or the node sample size falls below a pre-defined limit value. The tree is then pruned by means of cross-validation and the sub-tree with the lowest estimated mean squared error is selected [14] .
The employed research tool has a number of important advantages: there is no need to recode qualitative variables, there is no need for standardization of variables, variables do not have to have a normal distribution and the relationship between dependent and independent variables does not have to be linear. In addition to that, spatial autocorrelations cannot prevent the correct use of CART [59] .
A disadvantage of these models is a relatively high instability, as a small change to the training data (e.g., skipping a few observations) may result in a completely different classification [56] . Moreover, with a very large number of observations and splits, a tree becomes illegible. Therefore, when building a CART model it is important to specify parameters that will allow its quality to be assessed and prevent excessive expansion of the model.
In this paper, quality control of the obtained results was conducted using v-fold cross validation (v = 10), and the process of creating new nodes of a tree was terminated by pruning at a minimum number of observations in the node subject to splitting (n ≥ 15) [57] .
One output of the CART procedure considers the importance of the predictors, which are ranked in descending order of their contribution to tree construction. To calculate a predictor importance score, software calculates the improvement measure attributable to each variable in its role as a surrogate to the primary split. The values of these improvements are summed over each node of the tree and scaled relative to the best performing variable. The variable with the highest sum of improvements is scored 100, and all other variables have lower scores ranging downwards towards zero [60] . A disadvantage of these models is a relatively high instability, as a small change to the training data (e.g., skipping a few observations) may result in a completely different classification [56] . Moreover, with a very large number of observations and splits, a tree becomes illegible. Therefore, when building a CART model it is important to specify parameters that will allow its quality to be assessed and prevent excessive expansion of the model.
One output of the CART procedure considers the importance of the predictors, which are ranked in descending order of their contribution to tree construction. To calculate a predictor importance score, software calculates the improvement measure attributable to each variable in its role as a surrogate to the primary split. The values of these improvements are summed over each node of the tree and scaled relative to the best performing variable. The variable with the highest sum of improvements is scored 100, and all other variables have lower scores ranging downwards towards zero [60] .
In this manuscript, the CART package available in Statistica 13.1 software (StatSoft Inc., Tulsa, OK, USA) was used.
Research Findings
Location Matters: Generational Changes Depending on the Farm's Location
After Poland's accession to the EU, new possibilities opened up in terms of impacting the pace and scope of structural transformations. "Early retirement" and "setting up of young farmers" granted under rural development programs and higher area payments for young farmers were meant to be the main incentive to accelerate generational changes in agriculture. The level of farmers' interest in securing such funds may constitute a basis for assessing the changes that take place in the agriculture of metropolitan areas.
The first stage of the analyses seeks to answer the question of whether the location of agricultural farms relative to the core of metropolitan areas determines generational changes. Analysis of the mean values of the examined indicators of the pace of generational changes in agriculture, as well as univariate analysis of variance (ANOVA), showed that there is a statistically significant variation in generational changes (level of interest in securing EU funds) in the analyzed groups of farms. Therefore, location should be considered as an important factor in the processes of generational changes on farms. However, analysis of the mean values for the different groups of farms-post-hocleast significant difference test (LSD tests) for group pair combinations-shows that statistically significant differences only occur in the case of farms located in the following zones: BCCM and ToPMA, as well as BCCM and OMA. At the level of p = 0.05, there are no differences between farms in the ToPMA zone and those in the OMA zone, which means that the processes of generational changes are very similar in these zones. This applies to all of the analyzed variables.
Proceeding to more detailed analyses, it should be noted that the smallest variation across groups is observed in the case of variable I-1. In the BCCMA zone, around 8.1/1000 farmers receive payment for young farmers (CAP Pillar I), whereas in the ToPMA zone this figure is 9.6/1000, and in the OMA zone it is 9.2/1000 ( Table 4 ). The differences are not big (although statistically significant when comparing BCCMA with ToPMA and BCCMA with OMA), which can be explained by the relatively easier access to this financial instrument (every young farmer receives payments). In contrast to the other (analyzed) measures, beneficiaries of payment for the young farmers (CAP Pilar I) also included people who were not insured in agricultural pension systems or owning small farms, etc., i.e., those who were not eligible to aid for young farmers or early retirement. The relatively small differences in the number of beneficiaries of this measure should be considered as a positive phenomenon, because it means that the share of young farmers in the BCCM zone, which is more at risk of the lack of successors in agriculture (well-developed off-farm labor market), is only slightly lower than in other areas. In terms of the aim of promoting generational changes in agriculture, i.e., increasing the viability of the whole sector, the "setting up of young farmers" measure is of particular importance. An aid of around 25,000 euro is granted to young farmers (under the age of 40) who can demonstrate in their business plan that the investment will have a positive impact on the development of their farm [49] . In the case of this program, farmers from the BCCMA zone applied for such funds twice less frequently than those from the other groups (Table 5 ). Comparing these findings with the relatively large number of farm managers receiving young farmers payments (Table 4) , it should be stated that, in the BCCMA zone, the problem is not a lack of young people working on farms, but rather a lack of willingness or capacity (e.g., due to small economic potential, lack of capital) to develop the farm. At this stage of the analyses, it is impossible to definitely conclude what the cause is, but this issue will be further addressed later in the paper. The last measure analyzed was "early retirement". The analyses showed that farmers were willing to benefit from this program, as on average as many as 14.5/1000 farmers transferred their agricultural holdings, receiving in return early retirement pensions (Table 6 ). It was found that farmers in the BCCMA zone seized the opportunity to transfer their farm less often compared to the others. The reason for their low interest in securing early retirement may have been unwillingness to sell or pass on land that might be of considerable value in the future (e.g., as a result of conversion to non-agricultural uses). There could also have been a problem of a structural nature, as one of the requirements for the purpose of enlarging farms of another agricultural producer is to reach the physical size greater than the average for the country or province. With high fragmentation of farmland (which is the case of peri-urban zones, see [61] ), there might have been no candidates for taking over a small farm. Analyzing the spatial variation in the pace of generational changes, it should be noted that large differences exist between the individual regions of Poland (Appendix A: Figures A1-A3 ). Overall, in the northern part of the country, i.e., in the provinces where the Tricity, Greater Poland, and parts of Warsaw metropolitan areas are located, the pace of generational change is relatively high. The best situation is definitely in the province of Greater Poland (Wielkopolska), i.e., the region that has long been considered an area of commercial and modern family farming [62] . In this province, including in the farms located close to the core of MA, farmers were highly active in securing funds for generational changes. At the other extreme is the province of Lesser Poland (Małopolska), where both the share of young farmers and their interest in securing funds for generational changes is definitely the lowest. Quite surprisingly, in the areas belonging to the BCCMA zone of the Krakow metropolitan area, the share of young farmers receiving area payments is higher than in the rest of the province, which may suggest that the city has a positive impact on generational changes. It is in contrast with the trends in the other metropolitan areas, where this figure is much lower. In the other metropolitan areas, there is also a high variation in the analyzed indicators that cannot be explained by location relative to the cores of metropolitan areas.
Summing up, the analyses showed that the location of farms had a significant impact on the variation in generational changes in agriculture. Farmers running farms located in the BCCMA zone obtained financial aid for generational changes less often than farmers in the OMA zone. This trend was not observed among farms located in the ToPMA zone, and the findings indicate that the process of generational changes there was similar to that in the areas outside of MAs.
Drivers of Generational Changes
One of the aims of this manuscript was to indicate factors determining the scale of generational changes in agriculture. The analyses covered selected metropolitan areas and areas around them (in the analyzed provinces). Therefore, the identified drivers of generational changes apply not only to metropolitan areas, but also to the agriculture around them.
The first model presents the impact of exogenous and endogenous factors on the number of young farmers (per 1000 farmers) receiving area payments (variable I-1-Young farmers CAP Pillar I).
Although the variation (measured here by variance) of this variable is relatively small, several key variables impacting the number of young farmers were identified. The most important variable turned out to be the one showing the share of economically strong agricultural farms. This variable occurs twice in the regression tree and ranks first in the ranking of predictors ( Figure 3 ). It should be noted that in areas where the share of economically strong farms is lower than 50.2%, the number of young farmers is 8.0/1000, and where it is higher, the number of young farmers increases to 10.6/1000 (node ID=3). Node ID = 3 additionally splits based on the economically strong farms variable, making the previous result more precise. Taking into account the new split, it should be noted that if the share of economically strong farms is between 50.2 and 67.6%, then the number of young farmers is on average 9.9/1000, and if it is higher than 67.6%, then there are 12.5 young farmers per 1000 farmers. A higher share of economically larger farms translates each time into a greater number of young farmers. Another variable that impacts the number of young farmers is the share of built-up and urbanized areas. In areas where the share of economically strong farms is between 50.2 and 67.6% and the percentage of urbanized and built-up areas is higher than 4.7%, the number of young farmers is 8.8/1000 (node ID = 13). A lower share of these areas means a larger number of young farmers; 10.2/1000 (node ID = 12).
Further splits of the tree on its left-hand side show that in areas where economically small farms dominate (node ID = 2), the number of young farmers is impacted by population density. It turns out that, in areas with population density above 78.1 people/km 2 , there are fewer young farmers (node ID = 5) than in less populated areas (node ID = 4). A higher population density is therefore not conducive to a large number of young farmers.
The essence of a regression tree building is recursive divisions, where the divisions are performed using the best variable (one that improves the quality of the model), which, combined with giving preference to simple structure trees, results in exclusion of some variables from the tree. Such variables often explain the dependent variable only slightly more poorly. In addition to the constructed tree, it is also necessary to look at the ranking of variables (Figure 4 ). In the case of the variable illustrating the number of farmers receiving young farmers payments, the share of economically strong farms was definitely the most important variable. The "education" variable, which did not appear in the regression tree, was also of major importance. However, additional analyses showed that a high share of farm managers with a relatively high education level translated into a higher number of young farmers. The third place was occupied by the "population density" variable, which had a negative impact on the number of young farmers. The "location" variable, in turn, was of relatively low importance. Although, as shown in Section 4.1, the variable does have an important impact on the number of young farmers, it explains the phenomenon much more poorly than the other variables. The essence of a regression tree building is recursive divisions, where the divisions are performed using the best variable (one that improves the quality of the model), which, combined with giving preference to simple structure trees, results in exclusion of some variables from the tree. Such variables often explain the dependent variable only slightly more poorly. In addition to the constructed tree, it is also necessary to look at the ranking of variables (Figure 4 ). In the case of the variable illustrating the number of farmers receiving young farmers payments, the share of economically strong farms was definitely the most important variable. The "education" variable, which did not appear in the regression tree, was also of major importance. However, additional analyses showed that a high share of farm managers with a relatively high education level translated into a higher number of young farmers. The third place was occupied by the "population density" variable, which had a negative impact on the number of young farmers. The "location" variable, in turn, was of relatively low importance. Although, as shown in Section 4.1., the variable does have an important impact on the number of young farmers, it explains the phenomenon much more poorly than the other variables. Figure 5 presents the results of modelling the I-2 variable, which represents the number of farmers who received "setting up of young farmers" grants under CAP Pillar II. As with the previous dependent variable, the first and second splits were performed based on the "economically strong farms" variable. Leaving aside the interpretation of node ID = 3 (this is an intermediate node), it should be noted that in areas where the share of economically strong farms is less than 58%, the Figure 5 presents the results of modelling the I-2 variable, which represents the number of farmers who received "setting up of young farmers" grants under CAP Pillar II. As with the previous dependent variable, the first and second splits were performed based on the "economically strong farms" variable. Leaving aside the interpretation of node ID = 3 (this is an intermediate node), it should be noted that in areas where the share of economically strong farms is less than 58%, the number of young farmers is 2.7/1000 (node ID = 2), but when the share of economically strong farms increases to 58.0-67.6% (node ID = 4), the number of young farmers increases to 5.9/1000. Further, when the share of economically strong farms exceeds 67.6%, the number of young farmers is 9.1/1000 (node ID = 5). The economic size of farms is, in this case, a key factor that has a positive impact on generational changes in agriculture.
When assessing successive splits of the regression tree, it should be noted that in areas with a smaller percentage of economically strong farms (node ID = 2), the number of young farmers is determined by population density. In areas where it exceeds 94.1 persons/km 2 , the average number of young farmers is 1.6/1000. Where density is lower, the figure is 3.7/1000 farmers (node ID = 6). Nodes ID = 5 and ID = 6 are subject to further splits, and in the case of the former, the number of young farmers is determined by the share of built-up and urbanized areas. Where the share of such areas is less than 4.9%, the number of young farmers is 4.0/1000, compared to 2.3 in more urbanized areas. In the case of node ID = 7, net migration rate is decisive. In areas with a lower net migration, the number of young farmers is higher (node ID = 10 versus node ID = 11).
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As in the previous model, the variable that best determined the number of young farmers was the share of economically strong farms ( Figure 6 ). The physical size of the farm and the level of education of farm managers were also of high importance. They had a positive impact on the chance of receiving funding and generational changes in agricultural farms. As in the previous model, the variable that best determined the number of young farmers was the share of economically strong farms ( Figure 6 ). The physical size of the farm and the level of education of farm managers were also of high importance. They had a positive impact on the chance of receiving funding and generational changes in agricultural farms. The socio-economic variables of considerable importance included population density, the share of built-up and urbanized areas, salary, and net migration rate. Higher values of these variables had a negative impact on the processes of generational changes in agriculture. Also in this case, the location factor proved to be relatively insignificant.
Assessing generational changes in agriculture in terms of the number of farmers transferring farms in exchange for early retirement pensions, it should be noted that the most important factor accounting for differences in this process is the size of farms (Figures 7 and 8) . The analysis of the tree diagram shows that in areas with an average farm size of over 9 ha, the number of farmers transferring farms was almost 18/1000, and in areas with a smaller farm size there were only 9.3/1000 farmers. Socio-economic variables, including population density and entrepreneurship, are also of great importance. It should be noted that in areas where the average farm size is less than 9 ha and the population density is over 112.5 people/km 2 , fewer than 6/1000 farmers (node ID = 5) applied for early retirement. With the same farm size characteristics but lower population density, farm transfers were more than twice as frequent (node ID = 4). Population density impacts the processes of farm transfer also in the case of farms grouped in node ID = 8, where, with a higher value of this indicator, 12.8/1000 farmers (node ID = 11) transferred their farms in exchange for early retirement, while with a lower value, 18.3/1000 (node ID = 10), this was not the case. Both the variables negatively affect the number of farmers transferring their farms (as part of the assessed measure). Entrepreneurship is another important factor in generational changes. In areas where the average farm size exceeds 9 ha, a higher number of enterprises (above 1077.6/1000 population) is accompanied by a relatively low scale of farm transfers, only 9.2/1000 farmers, while in areas with a lower level of entrepreneurship, the scale of farm transfers is more than twice as high (node ID = 6). Thus, a high level of nonagricultural entrepreneurship inhibits the processes of generational changes in agriculture. The socio-economic variables of considerable importance included population density, the share of built-up and urbanized areas, salary, and net migration rate. Higher values of these variables had a negative impact on the processes of generational changes in agriculture. Also in this case, the location factor proved to be relatively insignificant.
Assessing generational changes in agriculture in terms of the number of farmers transferring farms in exchange for early retirement pensions, it should be noted that the most important factor accounting for differences in this process is the size of farms (Figures 7 and 8) . The analysis of the tree diagram shows that in areas with an average farm size of over 9 ha, the number of farmers transferring farms was almost 18/1000, and in areas with a smaller farm size there were only 9.3/1000 farmers. Socio-economic variables, including population density and entrepreneurship, are also of great importance. It should be noted that in areas where the average farm size is less than 9 ha and the population density is over 112.5 people/km 2 , fewer than 6/1000 farmers (node ID = 5) applied for early retirement. With the same farm size characteristics but lower population density, farm transfers were more than twice as frequent (node ID = 4). Population density impacts the processes of farm transfer also in the case of farms grouped in node ID = 8, where, with a higher value of this indicator, 12.8/1000 farmers (node ID = 11) transferred their farms in exchange for early retirement, while with a lower value, 18.3/1000 (node ID = 10), this was not the case. Both the variables negatively affect the number of farmers transferring their farms (as part of the assessed measure). Entrepreneurship is another important factor in generational changes. In areas where the average farm size exceeds 9 ha, a higher number of enterprises (above 1077.6/1000 population) is accompanied by a relatively low scale of farm transfers, only 9.2/1000 farmers, while in areas with a lower level of entrepreneurship, the scale of farm transfers is more than twice as high (node ID = 6). Thus, a high level of non-agricultural entrepreneurship inhibits the processes of generational changes in agriculture. Once again, the importance ranking is dominated by variables showing farm characteristics, including "farm size", "economically strong farms", and "education" (Figure 8 ). However, socioeconomic variables, in particular population density and entrepreneurship, are also of considerable importance. Also, the location factor turned out to be relatively important in describing the variation in farmers' interest in getting an early retirement. However, the farm's location relative to the core of the metropolitan area alone was not a factor determining the pace and extent of structural changes in agriculture. More important were the variables describing processes of urbanization (which depend on the distance from a large city), resulting in population movement, increased wealth of residents, 0  10  20  30  40  50  60  70  80  90  100   100 91  84  54  34  35  50   80  65  60  57  39  33 Farm structures and viability Natural environmental features Location Socio-economic Once again, the importance ranking is dominated by variables showing farm characteristics, including "farm size", "economically strong farms", and "education" (Figure 8 ). However, socio-economic variables, in particular population density and entrepreneurship, are also of considerable importance.
Also, the location factor turned out to be relatively important in describing the variation in farmers' interest in getting an early retirement. However, the farm's location relative to the core of the metropolitan area alone was not a factor determining the pace and extent of structural changes in agriculture. More important were the variables describing processes of urbanization (which depend on the distance from a large city), resulting in population movement, increased wealth of residents, and pressure to convert agricultural land to non-agricultural purposes.
Discussion
The pace and scope of changes occurring in agriculture are determined by a number of factors which are very difficult to identify and even more so to quantify [28] . An important element in the trends observed is the process of generational changes, where the established model of transferring resources from an older farmer to a younger successor (usually a son) has been redefined as a result of the dynamic development of non-agricultural sectors of the economy [63, 64] .
The first part of the investigation concerned the impact of farm location on the processes of generational changes (measured by farmers' interest in benefiting from public support). ANOVA analysis, together with post-hoc tests, showed that the scale of generational changes is statistically significantly lower in the zones directly bordering the core of the metropolitan area (BCCMA) than in the other zones (ToPMA and OMA). However, no statistically significant differences were recorded between farms located in the transition zone (ToPMA) and farms located outside the MA (OMA), albeit generational changes (all indicators) in the ToPMA zone occurred slightly faster. According to Wojewodzic and Sroka [15] , the faster processes of structural transformation in the ToPMA zone can be explained by the faster rate of withdrawal from agricultural activity among owners of smaller farms. The authors point out that slightly further away from the MA core, it is very difficult to combine off-farm employment with running a farm. The lack of these trends (of exiting from farming by small farmers) in the BCCMA zone can, however, be explained by the occurrence of the phenomenon of rent seeking-the owners of agricultural land do not want to give up a number of privileges connected with being a farmer (area payments, large tax, and insurance preferences) and expecting the rise of the land price in the long-term [37] . This is not conducive to generational changes.
Comparing the obtained results with the studies of other scholars, a considerable contradiction was noticed. On the one hand, many studies indicate recessive processes in urban and peri-urban areas/metropolitan areas, and on the other hand, activities of adaptation and the economic success of farms are indicated, including a higher probability of succession. For instance, analyzing farming systems and land use in European rural-urban-regions, Zasada et al. [65] notes that "farming in urban environments is increasingly constrained and marginalized". Studies conducted in Central and Eastern European countries (Bulgaria, Poland, Latvia), as well as in some regions of Italy and Spain, also confirm the occurrence of recessive processes [14, 38, 66, 67] . At the other extreme are studies confirming the economic success of farm adjustment processes in peri-urban areas in Western Europe, including Germany [14, 39] , Denmark [68] , and Italy [29] , and in the United States [32] . Many studies have shown that the proximity to the city has a positive impact on succession processes. This is due to greater development opportunities in the areas of multifunctional agriculture [39] . The location close to the city ensures an outlet for locally produced products (e.g., vegetables, flowers, etc.), and more importantly there is a high demand in such areas for various services provided by farmers [40] . In addition, the proximity of the city makes it easier to simultaneously run a farm and have an off-farm job, which is also conducive to succession [17] . The reverse situation in Poland may be the result of a relatively slow process of structural changes and the continued prevalence of farms with low economic potential. Further, in Polish metropolitan areas, only a few farms have adapted their activities to peri-urban conditions [69] , and, in recent years (since 2004), these areas have seen a slower rate of economic development compared to that outside metropolitan areas [15] . The concept of urban agriculture is little known in Poland, and the functions and benefits of urban agriculture are much less recognized than, for example, in Germany or Italy [3, 45] .
Although the analyses using univariate ANOVA found the "location" variable to be significant, regression tree models showed a relatively small significance of farm location in explaining processes of generational changes. The variables describing farm structures and socio-economic variables ranked much higher in importance. It results partly from the nature of the "location" variable (dummy variable), and above all from its distribution, i.e., large asymmetry. The large number (over-representation) of the entities in the OMA group (100/149 poviats), i.e., lumping together very diverse entities located outside the MA (high variance of most of the variables), meant that this variable relatively poorly explained the variation of generational changes.
Nevertheless, in regression models, socio-economic variables, which are very closely related to location, were of relatively considerable significance (see Table 2 ). In all the regression models, there were clear trends showing that an increase in the degree of urbanization (higher population density, positive net migration) and higher attractiveness of the labor market (higher salaries, stronger entrepreneurship, lower unemployment) negatively affect the processes of generational changes. The observed relationship regarding the negative impact of an attractive labor market on farm succession is consistent with occupational choice theory [5] . High salaries, low unemployment, and a large number of enterprises have a negative impact on the decisions to take over farms, because there is a chance of a better paid and more prestigious off-farm job [10] . This is particularly the case with farms characterized by lower economic potential which are unlikely to generate sufficient income [70] . In Polish metropolitan areas, about 50% of farms have an economic size below 15,000 EUR, and the income of such farms does not exceed 6000 euro annually. Bertoni and Cavicchioli [29] present different results, but their analyses cover horticultural farms that generate relatively high income. According to their research, higher rates of non-agricultural employment and higher salaries have a positive impact on succession, as a more prosperous society is more likely to buy products directly from local farms.
The negative impact of higher population density and high net migration demonstrated in the manuscript can be explained by means of the rent bid theory [71] . Increase in population density and migrations lead to growing demand for land for non-agricultural purposes [72] . As Alonso [71] noted, higher economic rents generated by the development of house building contribute to a decrease in the area of land used for agricultural purposes. Also, Mazzocchi et al. [52] noted that with high pressure from the non-agricultural sector, agriculture loses competition for land, which results in farmland conversion into non-agricultural purposes. The impact of a positive net migration can be explained along the same lines-new residents need space in order to live and work, hence the loss of agricultural land and smaller chances of farm development [45] . In addition, the net migration is strongly correlated with both the average salary (Pearson correlation coefficient = 0.28) and entrepreneurship (correlation coefficient = 0.58), as well as unemployment rate (correlation coefficient = −0.46). Thus, the same areas experience a doubled negative effect on generational changes: on the one hand, an attractive labor market encourages farmers to leave the agricultural sector, and on the other, competition for land inhibits farm development processes (the effect of land speculation also plays a significant role) [37, 38] . In such conditions, mainly multifunctional and specialized farms (e.g., vegetable, fruit, etc.), which do not need to increase their agricultural area to grow, have a chance of development (and succession) [39, 40] . The significant gap between the situation in Poland and in other Western European countries, as pointed out by Sroka et al. [14] , may paradoxically result from the much larger scale of farm exits in developed countries in the past. In these countries, areas with very high population density are currently dominated by farms that are well adapted to urban conditions and generate relatively high incomes.
In these analyses, the emphasis has been placed on the assessment of exogenous factors, including those related to the socio-economic situation of the area where the farms are located. However, the executed studies found that the most important factors were the variables characterizing farm structures and viability, and in particular economic and physical size of farms [6, 10, 21, 73] . In the case of the models explaining variables I-2 and I-3, i.e., the ones showing the number of beneficiaries of CAP Pillar II, measures "early retirement" and "setting up of young farmers", this is in a way the effect of the assumptions of these programs. In principle, these measures preferred physically and economically larger farms. Nevertheless, a very high importance of farm size was also observed in the first model, which presented the drivers of the variation in the number of farmers benefiting from the young farmer payments (CAP Pillar I), where economic size was also the most important factor. These observations confirm the trends noted in other studies, where it is emphasized that economically strong and high-income farms are more often successfully transferred to successors [6, 25, 26] .
The variations in the use of CAP measures aimed at generational changes in agriculture resulting from the different economic potential of farms were also documented by the research findings at the level of the six analyzed metropolitan areas. The greater use of those instruments in the Central-Western part of Poland was noted. This area is usually considered as a region of commercial and modern family farming [62] . On the other hand, there was the province of Lesser Poland [Małopolska] in the southern part of the country, where both the share of young farmers and their interest in securing funds for generational changes were definitely the lowest. A relatively large number of small and semi-subsistence farms were functioning in the Lesser Poland [26] . At the same time, a high level of non-agricultural employment and diversification of local economies was observed there, and as a result it limited the use of analyzed agricultural policy programs.
The investigation also showed high importance of the "education" variable, and additional analyses indicated that a higher percentage of farm managers with at least secondary agricultural education is conducive to generational change. As pointed out by Cavicchioli et al. [16] , better education is usually accompanied by better economic results achieved by farms, and hence, succession is more common among them. However, parents with a high level of education usually strive to provide a good education to their children, who can then choose an off-farm job [29] . In our research, the first effect trumps the second, which is also confirmed by research done by other scholars [20, 74] .
Conclusions
The study demonstrated that generational changes in agriculture, measured by the level of the use of agricultural policy instruments focused on structural transformations, were a complex issue, determined by a number of factors. Conducted analyses increase the knowledge about the impact of exogenous factors, in particular the socio-economic situation of dynamically developing metropolitan areas, on generational changes in agriculture.
The findings indicate that in areas with the highest pressure of urbanization, i.e., areas bordering the cores of metropolitan areas, the occurrence of generational changes is statistically significantly less frequent than in areas further away from dynamically developing cities. Thus, a location close to the market and in highly populated areas is not conducive to generational changes in Polish farms. Our findings are not consistent with the research conducted in other countries, especially highly developed ones, where urban and peri-urban farms are more often passed on to successors. In Poland, the main barrier to successful generational farm transfer is the low economic (and income) potential of farms, hence agriculture is becoming increasingly less profitable than other sectors. High population density and a positive net migration hamper the development of farms (through an increase in farm size), which is not conducive to succession, and the attractive urban labor market "drains" the population from the agricultural sector. The literature indicates that this process can be stopped when farmers receive satisfactory incomes, and these are generated in farms of large economic (not necessarily physical) size. The chance for stimulating generational changes is offered by the multifunctional development of agriculture, in particular the development of various services.
Therefore, it should be noted that the scale of generational changes in the agricultural sector in the areas studied is primarily related to endogenous factors, i.e., the agrarian structure in the examined areas, and in particular the economic size of the farm in a given area. Exogenous factors, including farm environment, can merely additionally stimulate (if the potential of the market is exploited) or limit the processes of generational changes. The observed phenomenon was consistent with the literature. Relatively higher succession rates and interest in the expansion of agricultural activity using CAP funds are mainly seen among farms characterized by a relatively higher economic strength.
Regarding generational renewal in agriculture, our research demonstrates that analyzed CAP instruments are less effective in the case of (economic) small farms, as well as in areas with stronger urbanization pressure. In the studied areas, these problems most often overlap, because the growing urbanization pressure inhibits the growth of the economic potential of peri-urban farms, which in turn results in lower dynamics of generational changes. As part of the CAP, actions should be taken to strengthen the economic potential of small farms, e.g., through improvement in the organization of the food chain, with particular attention to the short food chain. Examples from other countries presented in the manuscript indicate that such activities bring the expected results. The analyses presented in this manuscript have several limitations. It should be noted that our research did not refer all generational changes in the agricultural sector in the areas studied. The analyses only covered farms benefiting from various instruments of agricultural policy, which certainly is a research limitation and demands some caution when interpreting the findings. Nevertheless, the study addresses the issues of generational changes and succession in agriculture from a unique perspective. Unlike many studies of intergenerational succession, it includes actual data (rather than being based on declarations) aggregated at the level of subregions (rather than households). Its originality also lies in an attempt to define the effect of the phenomena shaped by the largest urban centers in the socio-demographic structures of family farming at the supra-regional level.
According to the authors, subsequent studies should focus on an attempt to analyze succession factors in small farms located in the BCCMA zone. In particular, they should take into account the impact of the effect of rent seeking, including speculation, which hinder a successful transfer of farms, as well as the importance of adjustment strategies. 
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